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Abstract  
An analytical solution is presented in this paper for the vibration response of a ribbed plate 
clamped on all its boundary edges by employing a travelling wave solution. A clamped ribbed 
plate test rig is also assembled in this study for the experimental investigation of the ribbed plate 
response and to provide verification results to the analytical solution. The dynamic 
characteristics and mode shapes of the ribbed plate are measured and compared to those obtained 
from the analytical solution and from finite element analysis (FEA). General good agreements 
are found between the results. Discrepancies between the computational and experimental results 
at low and high frequencies are also discussed. Explanations are offered in the study to disclose 
the mechanism causing the discrepancies. The dependency of the dynamic response of the ribbed 
plate on the distance between the excitation force and the rib is also investigated experimentally. 
It confirms the findings disclosed in a previous analytical study [T. R. Lin and J. Pan, A closed 
form solution for the dynamic response of finite ribbed plates. Journal of the Acoustical Society 
of America 119 (2006) 917-925] that the vibration response of a clamped ribbed plate due to a 
point force excitation is controlled by the plate stiffness when the source is more than a quarter 
plate bending wavelength away from the rib and from the plate boundary. The response is 
largely affected by the rib stiffness when the source location is less than a quarter bending 
wavelength away from the rib.  
 
 
Keywords: vibration, ribbed plate, clamped boundary condition, input mobility, mode shapes 
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1. Introduction 
Many studies of the vibration response of ribbed plate structures either employed analytical [1-5] 
or numerical [6-8] approaches. Such computational approaches were all based on the implicit 
assumption of ideal systems, which did not take into account the variation and uncertainty of 
coupling interfaces, boundary conditions and material properties of a coupled structure. Yet 
structural imperfections due to manufacturing or installation errors are common for practical 
engineering structures such as ship hull structures or aircraft fuselages. Thus, experimental 
investigation of dynamical features of practical coupled structures such as a ribbed plate will 
provide additional information for better understanding of the vibration characteristics of such 
structures, which motivates the work presented in this study.  
 
A ribbed plate structure which is clamped along all its boundary edges is chosen in this study 
based on the following reasons. Firstly, clamped boundary conditions are often assumed in the 
vibration analysis of large engineering structures such as a ship structure [9, 10]. Secondly, a 
clamped boundary condition is considered to be relatively easier to implement in the laboratory 
condition. Thirdly, no analytical solution for the vibration of a clamped ribbed plate has been 
previously reported in the literature. Many existing analytical work on ribbed plate structures are 
based on the assumption of simply supported conditions [1-4] or a combination of simply 
supported condition and other boundary conditions [11]. Little attention was paid to the vibration 
response of a clamped ribbed plate except for a number of numerical studies [6, 8] and an 
experimental study given by Olson and Hazell [12] more than three decades ago. In their 
experimental work, Olson and Hazell studied the free vibration of four integrally machined 
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clamped ribbed plates using a laser holographic. The measured vibration mode shapes of the 
ribbed plates were compared to those predicted by finite element analysis (FEA) where a general 
good agreement was found between the numerical and experimental results. However, elaborate 
laboratory setup and expensive equipment were required in their experimental measurement. In a 
recent study, Lin [13] investigated the vibration response of a ribbed plate structure by 
employing both modal expansion and wave guide approaches. Lin et al [14] further showed that 
the understanding obtained from the theoretical study of a simple ribbed plate structure could be 
employed for the vibration control of a more complex structure such as a ship hull structure.  
 
Both analytical model and experimental investigation for the vibration response of a clamped 
ribbed plate are presented in this work. An analytical formulation is derived in Section 2 for the 
vibration response of a clamped ribbed plate under a point force excitation applied either on the 
plate or on the rib. A simple test rig representing a clamped ribbed plate is constructed in the 
laboratory for the experimental study of the ribbed plate vibration, which is described in Section 
3. Standard noise and vibration instruments, such as shaker, accelerometers are employed in the 
experimental investigation. The effective boundary condition of the test rig is examined by 
comparing the measured peak frequencies of the un-ribbed base plate to those of the 
corresponding ideal clamped and simply supported plates. Vibration response and mode shape 
distribution of the ribbed plate are measured and compared to the computational results. Section 
4 presents an insightful discussion on the discrepancies between the computational and 
experimental results. The dependency of the vibration response of a ribbed plate structure on the 
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distance between the excitation source and the rib as disclosed analytically by Lin and Pan [1] is 
also investigated experimentally in this study. The main findings are summarized in Section 5. 
2. Formulation 
A clamped ribbed plate model and its associated coordinate system are shown in Fig. 1. This 
type of coupled structures is often found in large engineering structures such as ship hulls or 
aircraft fuselages. Unlike a simply supported ribbed plate where the governing equations of the 
ribbed plate vibration can be solved by a modal expansion solution [1], the approach cannot be 
employed directly to obtain an analytical solution for the vibration response of a clamped ribbed 
plate due to large errors induced by the product of two hyperbolic (beam) mode shape functions. 
Lin et al [2] provided an alternative solution for the vibration response of a simply supported 
ribbed plate using a propagation wave solution. In their approach, the ribbed plate was 
considered to be comprised by three structural components, namely, the left component plate, the 
rib and the right component plate. Governing equations were then established to describe the 
displacement of each component of the ribbed plate. The equations were solved by the 
combination of a semi-modal decomposition and mode shape functions of a simply supported 
beam. Employing a propagation wave approach similar to that described by Lin et al [2], an 
analytical solution for the vibration response of a clamped ribbed plate under a point force 
excitation applied either on the plate or on the rib is obtained in this section.  
 
 
 
 
Fig. 1. Schematic illustration of the clamped ribbed plate and the coordinate system. 
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In the analytical solution, the ribbed plate is considered to be comprised by three structural 
components as shown in Fig. 2. The time dependent harmonic term tωje  is suppressed in the 
formulation for simplicity of the analysis. The governing equation of the plate bending 
displacement ( LW ) of the component plate on the left of the rib plate interface shown in Fig. 2(a) 
can then be written as 
D
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the plate bending wave number and rigidity, in which s  is the surface mass, ω  is the angular 
frequency, h  is the thickness, pE  and   are Young’s modulus and Poisson’s ratio of the 
plate. pF  is the external point force applied on the plate at location )y,(x 00 .  
 
 
 
 
 
 
 
 
Similarly, the governing equation of the plate bending displacement of the component plate on 
the right of the interface ( RW ) as shown in Fig. 2(c) can be written as 
044  RpR WkW .                  (2) 
 
Fig. 2. The three structural components of the ribbed plate and associated local 
coordinate systems; (a) the left component plate; (b) the stiffened rib; and (c) 
the right component plate. 
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Using beam formulations, the governing equations of the flexural and torsional displacements 
(V and  ) of the stiffening rib as shown in Fig. 2(b) are given by 
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numbers, L  is the linear beam mass per unit length and pb I  is the mass moment of inertia 
per unit length of the beam. IEB bb   and GJT   are respectively the bending and torsional 
stiffness of the beam, in which, G  is the shear modulus, 
T
IER wb  is the warping to torsional 
stiffness ratio of the rib, I  and pI  are respectively the second moment and polar moment of 
inertia, while wI  and J  are the warping and torsional constants of the beam. Lq  and Rq  are 
line distributing shear forces on the left and right hand sides of the coupling interface while Lm  
and Rm  are the line distributing moment coupling on the left and right hand sides of the 
interface, t  is the web width of the rib and by  is the force location on the rib. 
 
By employing a propagating wave approach, the bending displacement of the left and right 
component plates (governed by Eqs. (1) and (2)) can be written as 
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where 22/14421 ])1[( nnpnnn kkkk   , 22/14422 ])1[( nnpnnn kkkk    are the modal trace 
wavenumber of the plate. nα  and nk  are respectively, the modal constant ratio and modal 
wavenumber which are to be given in explicit forms in the later text. Ix  and IIx  are the local 
coordinates of the left and right component plates, 1L  and 2L  are respectively, the section 
length of the two component plates as shown in Fig. 2.  
 
The mode shape function ( )(yn ) of a rib clamped on both ends is written as 
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where yL  is the length of the rib.  
 
The modal constant ratio is defined as 
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The modal solutions for the flexural and torsional displacements of the clamped rib are given by 
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Invoking the compatibility and continuity conditions at the rib/plate interface in conjunction with 
the end boundary conditions of the ribbed plate, wave coefficients of the propagation wave 
solution and the modal coupling forces and moments on the rib-plate interface can be determined 
by 
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is the modal coupling force vector. 
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The matrix nC  in Eq. (14) is given in the Appendix, and the external modal force vector is 
given by 
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Once wave coefficients, modal coupling forces and moments at the interface are determined, the 
bending displacement of the component plates can be calculated from Eqs. (5) - (7), while the 
flexural and torsional displacements of the rib can be obtained from Eqs. (12) and (13). It is 
noted that the solution presented in this section is valid for both concentric and eccentric ribbed 
plates. For eccentric ribbed plates, the eccentricity of the rib(s) can be incorporated into the 
formulation by including the eccentric distance (e) into the calculation of moment of inertia of 
the rib(s).  
 
3. Experimental setup and a test of the effective boundary condition 
of the test rig 
3.1 Description of the test rig and the experimental setup 
The test rig used in this experimental investigation is shown in Fig. 3. The base plate is a flat 
rectangular steel plate of mm9.2 thickness, which is clamped on all its four edges by heavy 
solid steel bars supported by a very heavy steel base. The dimensions of the plate after being 
secured on the solid steel base are measured at m87.0xL  and m618.0yL . A steel rib of a 
rectangular cross sectional area ( 2mm330bA ) is glued onto the plate at m30.xb   
(measured from the original of the coordinate system as indicated in Fig. 3, thus, m301 .L   
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and m5702 .L  ). The material properties of the steel are assumed to be: 
211 mN10951  .E , 3mkg7700 ρ  and 280.  in the simulation.  
 
 
 
 
 
 
 
The major instrumentations used in the experiment include: (1) a two-channel spectrum analyzer 
(type HP35665A); (2) a vibration shaker (B&K type 4809); (3) an impedance head (B&K type 
8001); (4) a vibration calibrator (B&K type 4294); (5) two accelerometers (B&K type 4375); (6) 
two charge amplifiers (NVMS); and (7) a power amplifier (Yamaha type AX-570). 
 
A schematic illustration of the experimental apparatus used in the measurement is shown in Fig. 
4. During the experiment, broadband white noise signals generated by the spectrum analyzer are 
amplified by the power amplifier before being used to drive the vibration shaker. The shaker is 
hanged vertically on a supporting wooden frame by two thin steel wires to exert a normal 
excitation force on the test rig. An impedance head is tightly screwed on the head of the shaker. 
The sensor side of the impedance head is connected to a thin steel rod (1 mm in diameter), which 
has threads on both ends. The other end of the thin steel rod was tightly screwed on a short 
aluminium stud. The aluminium stud is glued onto the plate at location 
Fig. 3. Graphic illustration of the test-rig used in the measurement. 
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)m15.0,m60.0()y,x( 00  . The main purpose of the thin steel rod in this setup is to eliminate 
vibration forces other than the normal force generated by the vibration shaker. The surface of the 
plate is marked by 1419  mesh grids before the experiment, which are used in the mode shape 
measurement of the ribbed plate. 
 
 
 
 
 
 
 
The frequency response function at the source location (such as input power, input mobility) is 
measured directly by the impedance head. The response of the ribbed plate at locations other 
than the source location is measured by the two accelerometers. The impedance head and the 
accelerometers are pre-calibrated by a vibration calibrator before the measurement. The vibration 
signals of the impedance head and the accelerometers are pre-amplified by the charge amplifiers 
and then analyzed by the spectrum analyzer. 
 
3.2 A test of the effective boundary condition of the test rig  
The effective boundary condition of the test-rig is examined prior to the attachment of the rib 
onto the plate. This is achieved by measuring the frequency response function of the unribbed 
base plate and then comparing peak frequencies of the frequency response function with natural 
Fig. 4. Schematic illustration of the test apparatus used in the experiment. 
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frequencies of a corresponding ideal clamped rectangular plate using finite element normal mode 
analysis.  
 
Table 1 lists the peak frequencies of the unribbed based plate (under 400Hz) extracted from the 
measured frequency response function and the natural frequencies predicted by finite element 
normal mode analysis using MSC/NASTRAN. In the finite element model, the component plate 
on the left of the rib is meshed by 2110 elements and the component plate on the right of the 
rib is meshed by 2119 elements. Good agreements are found between the measured and the 
predicted modal frequencies at frequencies above 100 Hz. Nonetheless, large discrepancies are 
also observed between the measured and the predicted modal frequencies of the first two low 
frequency modes. The discrepancy at low frequencies is attributed by the relatively long plate 
bending wavelength when comparing to the physical dimension of the test rig in this frequency 
range. For instance, at frequencies below 36 Hz where the plate bending wavelength is greater 
than the largest dimension of the test rig, the boundary of the rig behaves more like a simply 
supported (note: the natural frequencies of the first two modes of the corresponding simply 
supported plate are calculated at 27.1 Hz and 54.2 Hz respectively). At frequencies above 36Hz 
but below the frequency where plate bending wavelength is less than half of the largest 
dimension of the rig (i.e. below 100 Hz), the boundary condition of the rig is in the transition 
zone between a simply supported and a clamped condition. This observation has been verified 
independently by a separate FEA simulation by applying tosional stiffness to constrain the 
rotation degrees of freedom on the boundaries of the rectangular plate in parallel to the simply 
supported boundary condition. It was found that by adjusting the torsional stiffness applied on 
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the boundaries of the simply supported plate, the predicted natural frequencies of the first two 
modes match well with the first two measured modal frequencies of the unribbed base plate.  
 
Table 1 Modal frequencies of the un-ribbed base plate 
Experiment  Finite Element Analysis 
(an ideal clamped plate) 
Error 
(%) 
43.5 Hz 50.7 Hz 16.6 
76.0 Hz 81.6 Hz 7.37 
122.5 Hz 121.7 Hz -0.65 
131.5 Hz 133.3 Hz 1.4 
150.5 Hz 149.5 Hz -0.7 
201.5 Hz 196.9 Hz -2.3 
Not excited 204.3 Hz N/A 
230.0 Hz 229.4 Hz -0.3 
262.0 Hz 255.3 Hz -2.6 
273.0 Hz 263.9 Hz -3.3 
295.0 Hz 293.9 Hz -0.4 
309.0 Hz 299.4 Hz -3.1 
362.5 Hz 350.2 Hz -2.9 
379.0 Hz 362.2 Hz -3.4 
Not excited 373.1 Hz N/A 
 
 
The setup of clamped boundary conditions of the test rig starts to take effect as the frequency 
increases where the boundary condition of the plate gradually evolves to a clamped condition 
when the plate bending wavelength becomes less than half of the largest dimension of the test-rig 
(i.e., at frequencies above 100 Hz). This finding is well supported by the matching modal 
frequencies between the measured and the predicted values in this frequency range as shown in 
Table 1. Nevertheless, discrepancies due to numerical error of finite element method are also 
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observed at higher frequencies where modal frequencies of the clamped rectangular plate are 
slightly under predicted by the finite element normal mode analysis using MSC/NASTRAN. 
 
4. Results and discussion 
4.1 Input mobility   
Input mobility is a frequency response function often used to describe the dynamical properties 
of a structure. It is the normalized velocity (or angular velocity) response of a structure at the 
source location due to an external force (or moment) excitation. In this experimental 
investigation, a point force excitation is applied at plate location )m15.0,m60.0()y,x( 00   as 
shown in Fig. 3. The measured input mobility of the ribbed plate together with those obtained 
from analytical solutions are shown in Fig. 5. Two analytical predictions are presented in Fig. 5, 
one used a constant damping coefficient and the other used modal damping coefficients in the 
simulation. Magnitude rather than real part of the input mobility is shown in the figure to 
minimize the effect of the phase shift caused by noise in the measurement on the display of the 
input mobility. A general good agreement is found between the predicted and measured results. 
Nonetheless, discrepancies are also observed at both low and higher frequency parts of the 
results. The discrepancy between the measured and predicted peak amplitudes at low frequencies 
is mainly caused by the constant damping value ( 01.0 ) used in the simulation. Such 
discrepancy can be largely eliminated when modal damping is used in the simulation. 
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The modal damping value of the ribbed plate can be estimated from the half power bandwidth of 
a modal response as  
n
n
n 
  .                           (18) 
The bandwidth n  in Eq. (18) is determined at frequencies where the modal response 
amplitude decreases to 
2
1  of the corresponding peak amplitude. The modal damping values 
are estimated from the response peaks of the measured frequency response function of the ribbed 
plate, which are listed in Table 2. The input mobility of the clamped ribbed plate using modal 
damping values for resonant modes and a constant damping ( 01.0 ) for all non-resonant 
frequencies in the simulation is shown by the dot dash line in Fig. 5. 
 
The discrepancy between the measured and the predicted peak frequencies at higher frequencies 
is investigated in the following sections. 
 
Fig. 5. Predicted and measured input mobilities (magnitude) of the clamped ribbed plate. 
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Table 2 Estimated modal damping values of the ribbed plate 
Mode number Measured peak frequency (Hz) Modal damping
1 55 0.08 (estimated) 
2 133 0.04 
3 201 0.01  
4 241.5 0.01 
5 224 0.01  
6 310 0.01  
7 322 0.012  
8 302 0.005  
9 377 0.005  
 
4.2 Mode shape measurement 
In Fig. 5, we compared the measured and predicted peaks by the proximity of their 
corresponding peak frequencies. However, a measured and a predicted peak can only be referred 
to the same mode of a structure if the mode has a close matching peak frequency and the same 
mode shape distribution. Thus, mode shape distributions of the peaks also need to be compared 
besides the frequency proximity. 
 
The mode shape distributions of the ribbed plate are measured experimentally from the 
auto-spectral of the grid locations marked on the plate when the ribbed plate is under a steady 
state broadband noise excitation. The consistency for this set of measurement is verified by 
comparing the auto-spectrum at the source location of the ribbed plate prior to and after the 
mode shape measurement of the ribbed plate, which are shown in Fig. 6. 
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It is noted from Fig. 5 that there are two measured peak responses corresponding to the first 
predicted peak of the clamped ribbed plate (Mode (1) in Fig. 5), one has a peak frequency at 55 
Hz and the other has a slightly higher frequency at 71 Hz. The discussion of the effective 
boundary condition of the test-rig at low frequencies in Section 2 (i.e. the boundary condition of 
the rig is somewhere between simply supported and clamped in the low frequency range) implies 
that the (measured) peak corresponds to the first predicted peak would have a lower peak 
frequency (i.e., the peak at 55 Hz). The comparison between the measured mode shape of this 
peak and the mode shape of the fundamental mode of the ideal clamped ribbed plate predicted by 
using the analytical solution as shown in Fig. 7 confirms that.  
 
 
 
 
 
Fig. 6. Auto-spectrum of the plate acceleration measured at the source location. 
Fig. 7. Mode shape distribution of the fundamental mode of the clamped ribbed plate - 
Mode (1) in Fig. 5. (a) Predicted; (b) Measured. 
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It is found that the higher frequency peak at 71 Hz also has a similar mode shape distribution 
(which is not shown here) to the peak at 55 Hz. A separate FEA simulation shows that this peak 
is the fundamental (1,1) mode of the source plate section only of the clamped ribbed plate 
(calculated at 71.2 Hz by FEA) where the stiffened rib behaves as a definite boundary condition 
to the source plate section [16]. For this peak, the modal energy is confined within the source 
plate section where no vibration energy is transmitted to the receiving plate section across the 
stiffened rib. Furthermore, due to energy distribution between the two response peaks, the 
amplitude of the two measured peaks is much less than that of the corresponding analytical 
predicted mode. 
 
It is found that peaks having a close matching modal frequency (and amplitude) with the 
analytical result also have a good matching mode shape distribution with the numerical 
prediction. For instance, Fig. 8 shows the mode shape distribution of Mode (2) marked in Fig. 5.  
 
 
 
 
 
 
 
Large frequency mismatches are also identified for some response peaks at higher frequencies, 
e.g., Modes (5) and (8) in Fig. 5. Mode shape distributions for these two modes are plotted and 
Fig. 8. Mode shape distribution of Mode (2) in Fig. 5. (a) Predicted; (b) Measured. 
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shown in Figs. 9 and 10 to understand the cause of such discrepancy. It is observed that unlike 
other modes in Fig. 5 where the rib is located at or close to the nodal locations of the modes (see 
Figs. (7) and (8)), for these two modes, the rib is located at or close to the anti-nodal locations of 
the modes. Therefore, the rib would have a more prominent effect on the modal vibration of 
these modes. This type of modes was termed as rib-stiffness control modes as in contrast to the 
other group of modes which was termed as plate-stiffness control modes [1, 13]. Meanwhile, the 
flexural stiffness of the rib depends not only on the rib's physical properties (such as the cross 
sectional area and material properties), but also on the rib's boundary condition. Imperfection of 
the rib’s boundary condition in the setup would have a large effect on modal vibration of the 
group of rib-stiffness control modes, which could lead to a large discrepancy between the 
predicted and measured modal responses for this group of modes. To have a better understanding 
of such effect, the boundary condition of the rib is examined in the following text to provide an 
explanation and physical insight for the cause of large discrepancies between the measured and 
predicted modal frequencies of the group of rib-stiffness control modes.  
 
 
 
 
 
 
 
 
Fig. 9. Mode shape distributions of Mode (5) in Fig. 5. (a) Analytical prediction 
(fully clamped rib); (b) Measured; and (c) Finite element prediction (partly 
clamped rib, i.e., the lower 1/3 of the short rib edges are clamped). 
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An examination of the rib’s end boundary setup in the test rig shows that the pair of short rib 
edges are only partly attached onto the solid steel base of the test-rig (see Fig. 3), i.e., only the 
lower part of the pair of short rib edges is effectively glued onto the heavy solid steel base while 
the upper part of the short rib edges is not glued onto the base due to the existing gap between 
the rib and the top steel bars in the setup.  
 
When the rib is located at or close to the nodal locations of a vibrating mode, the rib’s flexural 
stiffness has little effect on the stiffness of the mode [1, 13]. Therefore, the modal vibration 
response for this group of modes would not be affected much by the imperfection of the rib’s 
boundary condition in the experiment. On the contrary, the rib’s flexural stiffness plays a 
significant part in determining the vibration response for the group of rib-stiffness control 
modes, which is sensitive to the imperfection of the rib’s boundary condition in the setup. This 
assertion has been confirmed by two separate FEA simulations. In the FEA simulations, the rib 
was meshed by plate elements instead of beam elements so that partly clamped boundary 
conditions can be applied onto the pair of short rib edges. In one simulation, the lower half of the 
pair of short rib edges is clamped and the upper half remains free. In another simulation, the 
Fig. 10. Mode shape distributions of Mode (8) in Fig. 5. (a) Analytical prediction 
(fully clamped rib); (b) Measured; and (c) Finite element prediction (partly 
clamped rib, i.e., the lower 1/3 of the short rib edges are clamped). 
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lower one third of the pair of short rib edges is clamped and the upper two third is free. It was 
found that when the two short rib edges are partly clamped, the natural frequency of the first 
rib-stiffness control mode (Mode (5)) evolves from 245.5 Hz (fully clamped rib) to 238.3 Hz 
(one half clamped) and to 230.2 Hz (one third clamped) as shown in Fig. 9(c). The natural 
frequency of the second rib-stiffness control mode (Mode (8)) changes successively from 350.6 
Hz (fully clamped) to 329.8 Hz (one half clamped) and to 314.5 Hz (one third clamped) as 
shown in Fig. 10(c). Results obtained from this finite element simulation provide the direct 
evidence that less than one third of the pair of short rib edges is effectively clamped in the 
experimental setup. The result also supports the argument that the discrepancy between the 
predicted and measured modal frequencies for the rib-stiffness control modes are mainly caused 
by the imperfect boundary condition of the rib in the setup. 
  
Figs. 9 and 10 also show that more modal energy flows to the receiving component plate for the 
rib-stiffness control modes when the rib is imperfectly clamped. For instance, a lobe develops in 
the receiving component plate as illustrated in Figs. 9(b) and 9(c) when the rib is partly clamped 
while no lobe is presented in this plate section for the ideal clamped case (see Fig. 9(a)). 
Similarly, the largest vibration amplitude lies in the lobe of the receiving component plate for 
Mode (8) as shown in Figs. 10(b) and 10(c) when the rib is partly clamped while the largest 
amplitude is found in the lobe at the rib location (see Fig. 10(a)) when the rib is fully clamped. 
Attributing to the same mechanism, the predicted modal frequency of the peak corresponding to 
Mode (10) in Fig. 5 exceeds the upper frequency limit shown in the figure (400 Hz), thus, the 
corresponding peak in the analytical solution is not displayed in the figure. 
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4.3 Characteristics of the input mobility 
Characteristics of the vibration response of a simply supported ribbed plate has been studied 
analytically and discussed by Lin and Pan [1] using a modal solution. Vibration characteristics of 
the clamped ribbed plate are also examined and verified experimentally in this study. To enable a 
direct comparison, the point force input mobility of the clamped ribbed plate is calculated at 
several excitation locations in the simulation using the analytical solution presented in Section 2. 
A constant damping value ( 01.0 ) is used in the simulation and the results are shown in Fig. 
11. It is found that the dependency of the input mobility of the clamped ribbed plate on the 
distance between the rib and the source location is similar to that found for simply supported 
ribbed plates. It is rib-stiffness control when the source is applied at the rib or very close to the 
rib, and it is plate-stiffness control when the point force is more than a quarter of plate bending 
wavelength away from the rib [1].  
 
 
 
 
 
 
 
 
Fig. 12 shows the input mobilities of the clamped ribbed plate obtained from the experimental 
investigation at three force excitation locations. The experimental results have confirmed the 
Fig. 11. The predicted input mobilities (Magnitude) of the clamped ribbed plate. 
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analytical prediction where the input mobility of the clamped ribbed plate is a function of the 
distance between the source location and the rib. Nevertheless, the dependency of the measured 
input mobility on the distance between the source location and the rib is not as significant as 
those observed in the analytical prediction, particular when the source location is very close to 
the rib. This discrepancy can be explained by the setup of the point force excitation in the 
experiment. In the experimental setup, the point force is applied onto the plate via an aluminium 
stud, which has a diameter of 12 mm. Therefore, the excitation force is not exactly a point force 
as that assumed in the analytical solution. Moreover, the distance between the source and the rib 
is measured from the centre of the stud to the midplane of the rib in the experiment. Thus, the 
effect of the rib flexural stiffness to the measured input mobility of the ribbed plate is less 
significant when comparing to that of the analytical solution for the same distance, particularly 
when the source is close to the rib where the influence of rib stiffness to the ribbed plate input 
mobility strengthen.  
 
 
 
 
 
 
 
Furthermore, because the force signal generated by the vibration shaker is very weak at low 
frequencies (the sensitivity range of the shaker is Hz50f ), the measured input mobilities in 
Fig. 12. The measured input mobilities (Magnitude) of the test-rig. 
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the low frequency range are largely contaminated by noise. This helps to explain why the 
measured input mobilities have different shapes at low frequencies when comparing to those of 
the analytical prediction.  
 
5. Conclusions 
The free and forced vibration responses of a clamped ribbed plate were studied both analytically 
and experimentally in this paper. The experimental results were compared to those obtained from 
the analytical solution and from finite element simulation. General good agreements were found 
between these results. Nevertheless, discrepancies were also observed between the experimental 
and computational results at both low and higher frequency ranges. Explanations were offered in 
this study to disclose the mechanism leading to these discrepancies.  
 
It was shown that the effective boundary condition of the test rig at low frequencies is close to 
the simply supported condition when the plate bending wavelength is greater than the largest 
dimension of the test rig. As the frequency increases and the plate bending wavelength is larger 
than half of the largest dimension of the rig, the boundary condition of the test rig is in the 
transition zone between a simply supported and a clamped condition. When the frequency 
increase further to where the plate bending wavelength becomes less than half of the largest 
dimension of the test rig, the boundary setup of the test rig starts to take effect, and it approaches 
that of a clamped boundary condition. It was found that the effective boundary condition of the 
test rig has a notable effect on modal vibration for a couple of (the measured) low frequency 
modes of the ribbed plate. The experimental results presented in this study showed that although 
 26
a clamped boundary condition is considered to be relatively easy to implement in the lab 
condition, large discrepancies could also be induced, particularly at low frequencies. To 
overcome this limitation, large heavy concrete blocks can be utilized to achieve a clamped 
boundary condition at very low frequencies. 
 
It was also found that the imperfect rib boundary condition in the experiment setup will have a 
substantial effect on modal vibration of rib-stiffness control modes but not on plate-stiffness 
control modes of the ribbed plate. Rib-stiffness control modes are referred to modes where the 
rib is located at or close to the anti-nodal locations of the modes, while plate-stiffness control 
modes are referred to modes where the rib is located at or close to the nodal locations of the 
modes.  
 
Dependency of the point force input mobility of the ribbed plate on the distance between the 
source location and the rib was also investigated experimentally in this paper. The experimental 
result confirmed the findings presented in a previous analytical study [1] that the input mobility 
of the ribbed plate is rib-stiffness control when the excitation location is applied at or very close 
to the rib, and is plate-stiffness control when the rib is more than a quarter plate bending 
wavelength away from the excitation source. Explanations were also offered in the study to 
explain the discrepancies between the characteristics of the measured ribbed plate input 
mobilities and the mobilities predicted by the analytical solution.  
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,    (A.1) 
where 
1
2
n
n
k
kH  , 2211 nn kkr  , 2222 nn kkr  , 2213 )2( nn kkr   and 2224 )2( nn kkr  .   is Poisson ratio of the plate material, 11e1 Lknc  , 
12j
2 e
Lknc  , 21e3 Lknc  , 22j4 e Lknc  , )xL(knc 011e5   and )(j6 012e xLknc   are exponential wave constants.  
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